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V.H.F. TELEVISION RECEPTION: THRUMSTER EXPERIMENTS 



SUMMARY 

This report describes the results of a series of field tests conducted 
between November 1960 and August 1961 at the Thrumster station to assess the degree 
of suppression that can be provided against "precipitation-static" interference on 
television reception. For the tests, the interference levels from two aerial systems 
were compared both objectively and subjectively. One aerial system was the original 
that had previously been used for re-broadcast reception, unprotected against the 
interference. The other was a new aerial system, electrically equivalent to the 
original but protected against the interference. 

The results indicate that a considerable measure of improvement was achieved. 
Agreement between the objective and subjective results is shown to be sufficiently 
close to enable similar experiments to be conducted, if necessary, at unattended 
stations. 



1. INTRODUCTION 

A number of the low-power Band I transmitting stations currently in operation 
rely, for their source of programme, upon receiving the signal radiated from another 
transmitter. This method reduces operating costs and its use will increase as the 
relay station programme is implemented. Reception at these stations is sometimes 
degraded by the occurrence of "precipitation-static" interference and a programme 
of work designed to study the phenomenon and to effect a cure has previously been 
briefly described. 1 ' 2 This report describes in detail the first series of field 
tests at the Thrumster station, Caithness, conducted between 27th November 1960 and 
15th August 1961 in collaboration with other departments of the B. B.C. Engineering 
Division, namely Planning and Installation Department and the department of the 
Superintendent Engineer, Transmitters. 



2. CONDITIONS OF TEST 

The television signal at Thrumster is obtained by direct reception of the 
Channel 4 horizontally-polarized transmissions of the Meldrum medium-power trans- 
mitting station. Prior to November 1960 the signal was received on a double three- 
element Tagi aerial, of a type adopted by Planning and Installation Department as 
standard for such re-broadcast purposes, mounted at a height of about 140 ft (42" 6 m} 
on a self-supporting tower. Precipitation-static interference on the received signal, 



DISCHARGE POINT 

\ 



INSULATOR 




Fig. I - The protected aerial 



frequently reported by the station 
staff, was believed to be due both to 
the impact of charged precipitation 
(i.e. charged rain drops or snow 
flakes) on the aerial elements and to 
the occurrence of corona discharges 
from the aerial elements and the 
support tower. 

In order to provide the 
maximum improvement to the service, 
and to test in natural conditions pro- 
tective devices which had been studied 
in the laboratory, a new aerial, 
protected against both corona and 
precipitation interference, was erected 
on the site. The outputs from both 
the original "unprotected" aerial and 
the new "protected" aerial were made 
available as a source of programme. 
Since future experiments might be 
possible at unattended sites, equipment 
was provided which enabled both objec- 
tive and subjective comparisons to be 
made of the interference levels from 
the two aerials. Thus, not only could 
the performances of the two aerials be 
compared, but the agreement between 
objective measurements and subjective 
observations could also be determined. 

2.1. The Aerial System 

The new protected aerial 
(shown in Fig. 1} was basically a 
double three-element Tagi mounted at a 
height of about 140 ft (42° 6 m) on a 
150 ft (45°8 m) tower similar to that 
supporting the original unprotected 
aerial. The two towers were sited as 
shown in Pig. 2. 

The new aerial was protected 
against both forms of interference by 
the following means: 

(i) Precipitation interference . 
The directors and reflectors 
(consisting of I in (1°3 cm) 
diameter rods) were each 
encased within a 2 in (5°1 cm) 
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Fig. 2 - Site plan of Thrumster station 



diameter cylindrical P.V.C. tube. Each driven element, comprising a 
folded dipole made of two § in (1°3 cm) diameter rods Is in (3°8 cm) 
apart, was encased within a 4§ in (11° 4 cm) diameter cylindrical P.V.C. 
tube. The Pawsey stub connected to each driven element was encased 
within a 5 in (12°7 cm) diameter metal tube. 

The dimensions of the aerial were chosen so that its impedance 
and radiation characteristics were the same as those of the unprotected 
aerial. 



(ii) Corona interference. The tower supporting the aerial was surmounted by 
a thin metal pole 21 ft (5°4 m) long. An insulator at the top of the 
pole supported a vertical brass rod 3 ft (98 cm) long sharpened to a fine 



point at its upper end to encourage corona discharge; ' cables connec- 
ted to the rod enabled the corona current flowing from the fine point to 
be measured at ground level. 

Theoretically, the horizontal double Tagi aerial should not couple 
with the discharge occurring at the point because the tangential component 
of the surface wave propagating down the mast from the point is zero. 
Inevitable mechanical asymmetries, however, could cause coupling with 
the strong radial component of the wave. Three tiers of radial parasitic 
reflectors were therefore mounted on the metal pole to reflect the wave, 
so reducing its magnitude in the vicinity of the aerial. The tips of 
the aerial rods and of the parasitic elements were rounded to inhibit 
corona discharge. 

The site for the tower was chosen in conjunction with the hori- 
zontal radiation pattern (h.r.p. ) of the aerial to minimize coupling with 
corona discharges occurring on other structures, particularly the mast 
supporting the transmitting aerial. 

The field strength of the Meldrum signal at the receiving aerials was about 
0*5 mV/m; the gain of each aerial was about 9 dB relative to that of a half-wave dipole. 

2.2. The Monitoring Arrangements 

The interference levels from the two aerials were compared both objectively 
and subjectively by the arrangement shown block-schematically in Fig. 3. 
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Fig. 3 - Block schematic of monitoring arrangements 



2.2.1. Subjective Comparison. 

The Meldrum signal from each, aerial was fed to a receiver through a r.f. 
trap-valve amplifier. The video signals from the two receivers were made available 
for programme purposes and were also displayed on similar adjacent picture monitors. 

The station staff monitored the pictures continuously during programme 
hours and reported the occurrence of the interference on either monitor. The staff 
were asked to grade the degree of interference as follows: 

Grade 1 Imperceptible 

Grade 2 Just perceptible with careful viewing 

Grade 3 Perceptible but good entertainment value 

Grade 4 Slightly disturbing but fair programme value 

Grade 5 Disturbing, poor programme value 

Grade 6 Very disturbing, picture unusable. 

2.2.2. Objective Comparison 

The interference levels from the two aerials were displayed on a pen recorder 
fed from a narrow-band receiver which was switched to each aerial in turn. The 
switching intervals were dissimilar, namely five and three seconds, so that the output 
from each aerial could be identified. The receiver was designed to meet two impor- 
tant requirements: 

(i) Because the interference is found to take the form of sharp pulses, the 
receiver must give a satisfactory output indication, without overloading, 
when the amplitude and the repetition rate of the pulses are varied over 
a wide range. 

(ii) The receiver output indication must be related, as closely as possible, to 
the degree of subjective annoyance. 

In an attempt to satisfy these requirements, the receiver was fitted with 
automatic gain control, the time constant of which was arranged to make it operate at 
substantially the peak value of the intermediate— frequency waveform. It was estab- 
lished with an impulsive input signal that, provided the indication on the pen 
recorder was less than full scale, negligible overloading occurred within the receiver 
if the pulse repetition frequency of the input signal exceeded 50 per second. As 
discussed in Section 3.4., later experience showed this performance to be satisfactory. 
The receiver (of ± 17s kc/s bandwidth) was tuned to 57*9 Mc/s where, in the absence of 
the interference, no signal was received. 

The corona current flowing from the spike surmounting the protected aerial 
was recorded on a second track of the pen recorder. The pen recorder was switched 
on, either automatically when the corona current exceeded + 3 lis., or manually by the 
station staff when the interference was observed. 



3. RESULTS 

3.1. General 

The reported occurrence of the interference over the test period of 38 
weeks is shown in Fig. 4. Over this period, 139 reports were received, the total 
duration of which occupied 1047 min. Rain (or snow) was falling during 134 of these 
occasions. 



Except during a period of eight weeks when the spike insulation was faulty, 
corona current was observed to flow during 92$ of the reported occurrences of the 
interference. Conversely, interference was reported on 87$ of the instances when 
corona current was observed. There was, however, little apparent correlation between 
the magnitude of the corona current and the intensity of the interference; corona 
current of both polarities appeared to contribute equally to the interference. There 
were no reliable reports of the interference in the absence of both rain and corona 
current; the aurora borealis, for example, was found to produce no perceptible inter- 
ference. 



3.2. Subjective Results 

Table 1 overleaf shows the number of times the particular subjective grades 
of interference were reported on each aerial, together with the total reported duration 
of each grade. During the early part of the test, half grades were frequently 
reported. The station staff were later asked to adhere to the six grades listed in 
Section 2.2.1. and, for the results shown in the table, all half-grade reports have 
been included amongst those of the succeeding full grade, 



160 

150 

i/> 140 

UJ 

=> 130 

Z 

5 120 

> 

o no 
oioo 



90 



80 



70 



Q 60 



g 50 

a. 

uj 40 



30 
20 

10 
O 



NOV 



DEC 



JAN 



H 



'i ' ■ ■■ '" r 

FEB MAR APR 



< 



I' ' ' ' I'" ' ' ' 'I' ' I 
MAY JUNE JULY AUG 



I960 



Fig. ty - Reported occurrence of precipitation-static interference at Thrumster 



TABLE 1 
SUBJECTIVE ASSESSMENTS OF THE INTERFERENCE 





SUBJECTIVE ASSESSMENT 
OF INTERFERENCE 


PROTECTED 


AERIAL 


UNPROTECTED AERIAL 




No. of 
reports 


Duration 
Minutes 


No. of 
reports 


Duration 
Minutes 


1. 


Imperceptible 


ISO 


912 


6 


22 


2. 


Just perceptible with careful 
viewing 1 


16 


1331 


10 


56 


3. 


Perceptible but good 
entertainment value 


1 


1 


36 


256 


4. 


Slightly disturbing but 
fair programme value 


2 


i 

2 


30 


255s 


5. 


Disturbing, poor programme 
value 








45 


345§ 


6. 


Very disturbing, picture 
unus able 








12 


112 



Table 1 shows that a considerable measure of success has been achieved. 
Whereas the interference from the unprotected aerial was "slightly disturbing" or 
worse for 70$ of the time and "disturbing" or worse for 40$ of the time during which 
reports of interference were being made, that from the protected aerial was imper- 
ceptible for nearly 90$ of the same period of time. A comparison of the pictures on 
the two monitors when the interference on the unprotected aerial was assessed as 
"disturbing" has previously been shown. 1 ' 

3.3. Objective Results 

The efficacy of the protective arrangements, expressed as the reduction of 
the level of interference in decibels, can be estimated from the pen records. Fig. 5 
shows the proportion of a total period of 1003 min during which interference was 
recorded, for which given interference levels were exceeded. For 50$ of the time, 
the interference level from the unprotected aerial was about 30 dB greater than that 
from the protected aerial. 

3.4. Relationship between Objective and Subjective Results 

As a separate experiment, impulsive noise at a repetition frequency of about 
2 kc/s, together with the received signal from Meldrum, was fed to one of the monitors. 
Although the impulse generator employed was primarily designed to give a regular train 
of single pulses of uniform amplitude, it was deliberately mis-adjusted to produce 
non-uniform impulses in order to give a visual effect similar to that of precipitation- 
static interference. Under these conditions it was not possible to rely on the 
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Fig., 5 - Objective measurement of interference levels 

a) Unprotected aerial b) Protected aerial 
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absolute calibration of the generator regarding the impulse amplitude, but known changes 
of amplitude could still be made. The impulse amplitude was gradually increased 
and the five station staff were asked in turn to specify when each of the subjective 
grades of interference was reached. As a reference, the changes of amplitude rela- 
tive to that giving grade 2 were noted. 

The results are shown in Pig. 6 and may be used to compare the objective 
and subjective measurements in the following way. From Table 1, the proportion of 
the observation time for which the intensity of the interference exceeded given grades 
can be deduced. For example, the interference level from the unprotected aerial 
was graded 6, i.e. exceeded "grade 5a", for 112 minutes, or 10*7* of the time for 
which reports of the interference were being made. Referring now to Fig. 6 it will 
be seen that the relative level corresponding to "grade 5§" is 31-5 dB. By sub- 
dividing grades in this way the distribution of Fig. 7 may be drawn from the subject- 
ive results, in the same way that the distribution of Fig. 5 was drawn from the 
objective results. 

Comparison of these two figures indicates that the subjective improvement 
using the protected aerial may be predicted with sufficient accuracy from the results 
of objective measurements, given suitable means for calibrating the absolute impulse 
amplitude in relation to the subjective effect. This feature will enable experiments 
to be performed if required at unattended stations. 
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4. DISCUSSION OF RESULTS 

The results described show that, on average, the protective measures have 
reduced to near-imperceptibility interference which would otherwise have been dis- 
turbing. On the basis of the tests described in Section 3.4. this corresponds to a 
suppression of about 30 dB. 

The degree of suppression required at any given site is governed by the 
intensity of electrical activity in the neighbourhood, and by the median field 
strength of the received signal. From experience gained at various sites, it 
appears that the electrical activity (although not necessarily the occurrence of 
thunderstorms) frequently occurs in exposed and. barren regions. The Thrumster 
station is situated in fairly flat terrain where there are few trees or houses. The 
resulting electrical activity, together with the median field strength of the received 
signal (0*5 mV/m) was such that the 30 dB suppression provided by the protective 
arrangements reduced the interference to a level which, on average, was barely 
perceptible. This degree of suppression would probably be sufficient at all other 
sites, but the present arrangements impose a considerable load on the supporting 
structures. Further work is in hand to devise improved arrangements for other 
stations which would provide adequate protection but with reduced mast loading. 

The results described in this report, together with the results of labora- 
tory experiments, imply that the interference is caused only by corona discharges and 
by charged precipitation, but it is not possible to deduce which of the two pre- 
dominates. Since the two separate forms of protection each add significantly to the 
mast loading it is necessary to determine their relative importance, a feature which 
can only be established under natural conditions. Further experiments at Thrumster, 
for which both the aerials are protected against corona interference but only one is 
protected against charged precipitation, have tended to confirm that protection 
against one source of interference alone is not very effective. Further quantitative 
information will be required to determine the minimum degree of protection that is 
needed against each form in a given practical case. Corresponding results will also 
be required for a vertically polarized receiving aerial, since the relative importance 
of the two sources of interference may not be the same as for the horizontally 
polarized aerial of the type used at Thrumster. 

5. CONCLUSIONS 

The results of this first series of tests show that almost complete sup- 
pression of the interference has been achieved at Thrumster. This was achieved 
despite relatively intense electrical activity; similar measures should give equally 
good results at many other sites. 

Because of the considerable mast loading imposed by the several protective 
devices, it is desirable to assess the relative importance of each one. This can 
only be determined under natural conditions; the degree of electrical activity 
experienced during the tests shows Caithness to be a very suitable region for further 
experiments. 

The results also show that the improvement viewed subjectively can be 
deduced from the objective measurements. This feature would enable further experi- 
ments to be performed, if required, at unattended sites. 
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